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We investigate several phenomena related to the FCNC in the 3-3-1-1 model. The sources
of FCNC at the tree-level coming from both the new gauge and scalar sector are clarified. The
large FCNC can be avoided if the new physics scale is chosen to be larger than O(10) TeV.
We analyze a large number of processes including the flavor-violating decays mediated by
the neutral gauge bosons and CP-odd, CP-even scalar fields at the tree-level as well as the
loop decay processes. The tree-level FCNC is most stringently bound by experiments on the
oscillation of mesons. Under this bound, the tree-level FCNC makes a negligible contribution
to the Br(Bs → µ+µ−). The branching ratio of radiative decay b → sγ is enhanced by the
ratio v/u via the diagrams with the charged Higgs mediation while the charged currents of
new gauge bosons give a significant contribution to the decay process µ→ eγ.
PACS numbers: 12.60.-i, 95.35.+d
I. INTRODUCTION
The analysis of phenomena related to flavor-changing neutral currents (FCNC) plays an impor-
tant role in constraining the parameters of the Standard Model (SM) and testing physics beyond
the standard model (BSM). Among those, the most extensively studied in recent years is the FCNC
processes in B-physics, particularly the exclusive b→ s transition. The first place to look for new
physics (NP) in b → s transitions is Bq − B¯q mixing with q = d, s. The mass splitting ∆Md has
been measured with high precision [8], whereas the measurement of ∆Ms [9],[10] is very difficult
because of rapid oscillation of Bs meson. The observed ∆Mq agrees well with the SM predictions.
In addition, the detection and measurement of Br(B → µ+µ−) at the Larger Hadron Collier (LHC)
[1], the measurement of b→ sγ branching fraction [2], [3],[4],[5],[6] show that these observed decay
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2rates are consistent with the SM predictions. In spite of large hadronic uncertainties related the
form factors and the uncertainties of the CKM elements, these decays have played a significant
role in constraining NP models for many years.
A common feature of all popular weakly-coupled extensions of the SM is an enlarged Higgs sector
and extended gauge symmetry. One such model is a simple extension of the gauge symmetry to
SU(3)C × SU(3)L × U(1)X × U(1)N , referred to as 3-3-1-1 model. This model contains both
mathematical and phenomenological aspects of the 3-3-1 model [12], [13],[14], [15], [16], [17], and it
does not lose the good features of the 3-3-1 models [18],[19],[20],[21]. A new feature of the 3-3-1-1
model is that B − L is a non-commutative gauge symmetry. This feature not only provides a
unification of the electroweak and B−L interactions [22], similar to the Glashow-Weinberg-Salam
theory, but also provides a natural comprehensive scenario to account for neutrino masses, dark
matter, inflation, and leptogenesis [22].
The 3-3-1-1 model also provides insights into the electric charge quantization and flavor prob-
lems. Particularly, the large flavor-changing neutral currents (FCNC) are avoided as shown in [19],
[23]. Only contributions coming from the new gauge bosons Z2, ZN have been taken into account,
and the studies only focused on the NP short distance tree-level contribution to the mass difference
of mesons. The FCNC at the tree-level is not only caused by the new neutral gauge bosons but it
is also caused by new neutral scalar particles (including scalar fields with CP-odd and CP-even).
In this work, we are going to consider both scalars and gauge bosons contributions to the FCNC
and from this, we evaluate the effects of FCNC on meson mixing parameters and branching ratio of
Bs → µ+µ− decay. Based on these studies we can show that the large FCNC can be avoided even
taking into account all aforementioned contributions. Additionally, the 3-3-1-1 model predicts the
existence of charged Higgs bosons H± and charged gauge bosons Y ±µ which couple to both quarks
and leptons. The loop diagrams with exchanges of Y ±µ and H± are studied. Those diagrams can
have a significant effect on the b → sγ decay, which often puts a severe constraint on the BSM,
and the µ→ eγ decay.
We organize our paper as follows. In Sec. II, we give a brief overview of the 3-3-1-1 model.
The sources of FCNC in the 3-3-1-1 model coming from both gauge and scalar sectors are derived
in Sec III. In this section, we concentrate on studying the rare decay Bs → µµ and the mass
difference of mesons within the tree-level FCNC. Sec. IV describes the full one-loop calculation of
the relevant Feynman diagrams in the 3-3-1-1 model. We have performed the calculation in two
different processes, namely b→ sγ and µ→ eγ. The consequences of the model parameters on the
branching ratios of these decays and taking into account the implication from the experimental
3data are studied. Our conclusions are given in Sec.V.
II. A SUMMARY OF THE 3-3-1-1 MODEL
The gauge symmetry of the model is extended into SU(3)C ×SU(3)L×U(1)X ×U(1)N , where
SU(3)c is the color group, SU(3)L is an extension of the SU(2)L weak-isospin. U(1)X , U(1)N
define the electric charge Q and B − L charge [23] as follows
Q = T3 + βT8 +X, B − L = β′T8 +N, (1)
where β, β′ are coefficients and both are free from anomalies. The parameters β, β′ define the Q
and B − L charges of new particles. In this work, we consider the model with β = − 1√
3
, which is
the simple 3-3-1-1 model for dark matter [18]. In the fermion sector, the leptons and the quarks,
free of all gauge anomalies, transform as
ψaL = (νaL, eaL, (NaR)
c)T ∼ (1, 3,−1/3,−2/3), νaR ∼ (1, 1, 0,−1), eaR ∼ (1, 1,−1,−1),
QαL = (dαL,−uαL, DαL)T ∼ (3, 3∗, 0, 0), Q3L = (u3L, d3L, UL)T ∼ (3, 3, 1/3, 2/3),
uaR = (3, 1, 2/3, 1/3), daR ∼ (3, 1,−1/3, 1/3), UR ∼ (3, 1, 2/3, 4/3), DaR ∼ (3, 1,−1/3,−2/3),
(2)
where a = 1, 2, 3, α = 1, 2 are the generation index. The scalar sector, which is necessary for
realistic symmetry breaking and mass generation, consists of the following Higgs fields [18]
ηT = (η01, η
−
2 , η
0
3)
T ∼ (1, 3,−1/3, 1/3), ρT = (ρ+1 , ρ02, ρ+3 )T ∼ (1, 3, 2/3, 1/3),
χT = (χ01, χ
−
2 , χ
0
3)
T ∼ (1, 3,−1/3,−2/3), φ ∼ (1, 1, 0, 2). (3)
The electrically-neutral scalars can develop vacuum expectation values (VEVs),
< η01 >=
u√
2
, < ρ02 >=
v√
2
, < χ03 >=
w√
2
, < φ >=
Λ√
2
, (4)
where the VEVs u, v, w break SU(3)C ×SU(3)L×U(1)X ×U(1)N to SU(3)C ×U(1)Q×U(1)B−L
while the vev Λ breaks U(1)B−L and leaves W -parity invariant, see [18]. The scalar potential
consists of three terms, V = V (φ) + V (η, ρ, χ) + Vmix of the following form.
V (φ) = µ2φφ
†φ+ λ(φ†φ)2,
V (η, χ, ρ) = µ21ρ
†ρ+ µ22χ
†χ+ µ23η
†η + λ1(ρ†ρ)2 + λ2(χ†χ)2 + λ3(η†η)2,
Vmix = λ4(ρ
†ρ)(χ†χ) + λ5(ρ†ρ)(η†η) + λ6(χ†χ)(η†η) + λ7(ρ†χ)(χ†ρ) + λ8(ρ†η)(η†ρ)
+λ9(χ
†η)(η†χ) + λ10(φ†φ)(ρ†ρ) + λ11(φ†φ)(χ†χ) + (fmnpηmρnχp +H.c.). (5)
4Due to the W -parity conservation, only the neutral scalar fields of even W -parity can develop
VEV, and after symmetry breaking there is no mixing between the W -even and W -odd fields. The
physical eigenstates have been considered in [20]. The scalar group of the even W -parity, there are
four neutral scalar fields with CP-even, one is identified to the SM-like Higgs boson H, and three
heavy fields, Hi, i = 1, 2, 3, which have the following form
H =
u<(η01) + v<(ρ02)√
u2 + v2
, H1 =
−v<(η01) + u<(ρ02)√
u2 + v2
H2 = cosϕ<(χ3) + sinϕ<(φ), H3 = − sinϕ<(χ3) + cosϕ<(φ), (6)
where tan(2ϕ) = − λ11wΛ
λΛ2−λ2w2 . One pseudo scalar state of even W -parity, has a corresponding form,
A ' v=(η1) + u=(ρ2)√
u2 + v2
. (7)
Two W -even charged scalars are given as follows
H±4 =
vχ±2 + ωρ
±
3√
v2 + ω2
, H±5 =
vη±2 + uρ
±
1√
u2 + v2
. (8)
There is also a physical neutral complex scalar field of odd W -parity:
H
′0 =
1√
u2 + w2
(
uχ0∗1 + wη
0
3
)
. (9)
The Yukawa interactions in the quark sector are written in [18] as follows
LquarkYukawa = hU Q¯3LχUR + hDαβQ¯αLχ∗DβR + huaQ¯3LηuaR
+hdaQ¯3LρdaR + h
d
αaQ¯αLη
∗daR + huαaQ¯αLρ
∗uaR +H.c.. (10)
After symmetry breaking, the up- and down-quarks receive mass with the corresponding mass
matrices:
muαa =
1√
2
huαav, m
u
3a = −
1√
2
huau, m
d
αa = −
1√
2
hdαau, m
d
3a = −
1√
2
hdav. (11)
Working in the flavor basis, the up-quark and down-quark mass matrices are not flavor-diagonal.
They can be diagonalized by the matrices VuL,R , VdL,R according to
V †uLm
uVuR =Mu = Diag(mu1 ,mu2 ,mu3), V †dLmdVdR =Md = Diag(md1 ,md2 ,md3), (12)
and the mass eigenstates are related to the flavor states by
u′L,R = (u
′
1L,R, u
′
2L,R, u
′
3L,R)
T = V †uL,R(u1L,R, u2L,R, u3L,R)
T ,
d′L,R = (d
′
1L,R, d
′
2L,R, d
′
3L,R)
T = V †dL,R(d1L,R, d2L,R, d3L,R)
T . (13)
5The CKM matrix is defined as VCKM = V
†
uLVdL .
Similarly, for the leptonic sector, the Yukawa interactions for leptons are written as follows
LleptonYukawa = heabψ¯aLρebR + hνabψ¯aLηνbR + h′νabν¯caRνbRφ+H.c.. (14)
The charged leptons have a Dirac mass [Ml]ab = −h
e
abv√
2
. The flavor states ea are related to the
physical states e′a by using two unitary matrices U lL,R as
eaL = (U
l
L)abe
′
bL, eaR = (U
l
R)abe
′
bR. (15)
The neutrinos have both Dirac and Majorana mass terms. In the flavor state, nL = (νL, (νL)
c)T ,
the neutrino mass terms can be written as
Lνmass = −
1
2
n¯L
 0 MDν
(MDν )
T MνR
nL +H.c. = −1
2
n¯LM
νnL +H.c., (16)
where [MDν ]ab = −h
ν
ab√
2
u, [MRν ]ab = −
√
2h′νabΛ. The mass eigenstates n
′
L = (ν
′
L, (ν
′
R)
c)T are related
to the neutrino flavor states as n′L = U
ν†nL, where 6× 6 matrix Uν is written in term of
Uν =
 UνL V ν
(V ν)T UνR
 . (17)
The new neutral fermions Na are a Majorana field and they obtain their mass via an effective
interactions [19, 20]. We suppose that the flavor states Na are related to the mass eigenstates N
′
a
by using the unitary matrices U lL,R, U
N
L,R as follows
NaL = (U
N
L )abN
′
bL, NaR = (U
N
R )abN
′
bR. (18)
To close this section, let us review the characteristics of the gauge sector. In addition to the SM
gauge bosons, the 3-3-1-1 model also predicts six new gauge bosons X0,0∗, Y ±, Z2, ZN . All the
gauge bosons are W -parity even except for the X,Y gauge bosons that carry odd W -parity.
III. RARE PROCESSES MEDIATED BY NEW GAUGE BOSONS AND NEW
SCALARS AT THE TREE-LEVEL
A. Meson mixing at tree level
The new gauge bosons Z2 and ZN mediate FCNC interactions at the tree level. Their Lagrangian
has been studied in [19],[23]. The new scalar fields also mediate FCNC interactions at the tree
6level. These interactions are derived from the Yukawa Lagrangian (10) combined with the quark
mass matrices of (11),(12), and (13). The neutral scalar currents of quarks are written in term of
the physical states as follows
LHiggsNC = −
g
2mW
(
d¯′LMdd′R + u¯′LMuu′R
)
H +
g
2mW
(
tβ d¯
′
LMdd′R +
1
tβ
u¯′LMuu′R
)
H1
+
ig
2mW
(
tβ d¯
′
LMdd′R −
1
tβ
u¯′LMuu′R
)
A+ g
2mW
(
d¯′LΓ
dd′R + u¯
′
LΓ
uu′R
)
H1
+
ig
2mW
(
d¯′LΓ
dd′R − u¯′LΓuu′R
)
A+H.c., (19)
where tβ = tanβ =
v
u , and Γ
u,Γd are defined as:
Γuij = −
2
t2β
(V †uL)i3(VuL)3kmuk(V
†
uR
)ka(VuR)aj ,
Γdij = −
2
s2β
(V †dL)i3(VdL)3kmdk(V
†
dR
)ka(VdR)aj . (20)
The first three terms of Eq.(19) are proportional to the quark mass matrices and thus they are
flavor- conserving interactions. The remaining terms contain flavor-violating interactions. The
appearance of these interactions is due to the different arrangement between generations of quarks.
Also we realize that the flavor-violating interactions are only associated to the new neutral Higgs
bosons including CP-even H1 and CP-odd A.
The flavor-violating interactions also comes from the new gauge bosons Z2, ZN . This is due to
the fact that T8 generator differs for quark triplets and anti-triplets. The tree-level FCNC mediated
by Z2, ZN is given in [19] by
LgaugeFCNC = −
∑
q′=u′,d′
Θqij
{
q¯′iLγ
µq′jL(g2Z2µ + gNZNµ)
}
, (21)
where
Θqij =
1√
3
(V ∗qL)3i(VqL)3j , g2 = −g
(
cos ξ
1√
1− t2w/3
+ sin ξ
2tN√
3
)
,
gN = −g
(
− sin ξ 1√
1− t2w/3
+ cos ξ
2tN√
3
)
. (22)
.
The angle ξ is determined by tan 2ξ =
4
√
3+t2X tNw
2
(3+t2X)w
2−4t2N (w2+9Λ2)
, tN =
gN
g , and tX =
gX
g =
√
3sW√
3−4s2W
with sW = sin θW .
The contributions of FCNC Lagrangian (21) to the mass difference of the mesons systems
K0 − K¯0,B0s − B¯0s and B0d − B¯0d have been studied in [19], [23]. However, the flavor-violating
interactions given in (19) also give the new contributions to the mass difference of the mesons. It
7is necessary to take account of the two contributions in a single analysis. It is straightforward to
derive the effective Lagrangian for the meson mixing from Eqs (19)-(21), namely
Leffective = g
2
4m2W
{
(Γqij)
2
(
1
m2H1
− 1
m2A
)(
q¯′iLq
′
jR
)2
+ (Γq∗ji )
2
(
1
m2H1
− 1
m2A
)(
q¯′iRq
′
jL
)2}
+
g2
4m2W
{
Γq∗jiΓ
q
ij
(
1
m2H1
+
1
m2A
)
(q¯′iLq
′
jR)(q¯
′
iRq
′
jL) + Γ
q∗
jiΓ
q
ij
(
1
m2H1
+
1
m2A
)
(q¯′iRq
′
jL)(q¯
′
iLq
′
jR)
}
−Θ2ij
(
g22
m2Z2
+
g2N
m2ZN
)
(q¯′iLγ
µq′jL)
2, (23)
with q denoting either u or d quark. The mass difference of the meson systems is then found to be
∆mK = <
{
2
3
Θ212
(
g22
m2Z2
+
g2N
m2ZN
)
+
5g2
48m2W
(
(Γd12)
2 + (Γd∗21)
2
)( 1
m2H1
− 1
m2A
)(
mK
ms +md
)2}
mKf
2
K
−<
{
g2Γd∗21Γd12
4m2W
(
1
m2H1
+
1
m2A
)(
1
6
+
m2K
(ms +md)2
)}
mKf
2
K ,
∆mBd = <
{
2
3
Θ213
(
g22
m2Z2
+
g2N
m2ZN
)
+
5g2
48m2W
(
(Γd13)
2 + (Γd∗31)
2
)( 1
m2H1
− 1
m2A
)(
mBd
mb +md
)2}
mBdf
2
Bd
−<
{
g2Γd∗31Γd13
4m2W
(
1
m2H1
+
1
m2A
)(
1
6
+
m2Bd
(mb +md)2
)}
mBdf
2
Bd
,
∆mBs = <
{
2
3
Θ223
(
g22
m2Z2
+
g2N
m2ZN
)
+
5g2
48m2W
(
(Γd∗32)
2 + (Γd23)
2
)( 1
m2H1
− 1
m2A
)(
mBs
ms +mb
)2}
mBsf
2
Bs
−<
{
g2Γd∗32Γd23
4m2W
(
1
m2H1
+
1
m2A
)(
1
6
+
m2Bs
(ms +mb)2
)}
mBsf
2
Bs . (24)
We have obtained all tree-level contributions in a single analysis for the first time.
Next, we are going to show our results via numerical study. The total mass difference is given
by the sum of the SM contribution at one-loop [41], [42] and the new physics contribution at the
tree-level of (24),
(∆mM )tot = (∆mM )SM + ∆mM . (25)
Due to partially hadronic and experimental uncertainties, we require the theory to reproduce the
data for ∆mBs,d with ±5% and for ∆mK with ±30% (its potential long-range uncertainties are
large). The parameters of our model are constrained by the following allowed ranges:
0.480225/ps < (∆mBd)tot < 0.530775/ps,
16.8692/ps < (∆mBs)tot < 18.6449/ps,
0.37044× 10−2/ps < (∆mK)tot < 0.68796× 10−2/ps. (26)
8We make a numerical study by setting all other input parameters at their central values. The
results given in Eq.(24) can be written in terms of the mass of the mediators and the quark mixing
matrix in both left and right-handed sectors. We have
md = 4.73, ms = 93.4, mb = 4190, mt = 173× 103, fK = 156.1,
mK = 497.614, fBd = 188, mBd = 5279.5, fBs = 225, mBs = 5366.3,
(VCKM)31 = 0.00886, (VCKM)32 = 0.0405, (VCKM)33 = 0.99914. (27)
All mass parameters are in MeV. Besides, we take tN = 1, g =
√
4piα/sW where α = 1/128
and s2W = 0.23122. The right-handed quark matrix VuR can be assumed to be an unitary matrix,
whereas VdR are parameterized with three mixing angles θ
R
12, θ
R
13 and θ
R
23
VdR =

cR12c
R
23 − sR12sR13sR23 −sR12cR13 −cR12sR23 − sR12sR13cR23
sR12c
R
23 + c
R
12s
R
13s
R
23 c
R
12c
R
13 −sR12sR23 + cR12sR13cR23
cR13s
R
23 −sR13 cR13cR23
 , (28)
with sRi = sin θ
R
ij , c
R
i = cos θ
R
ij , i, j = 1, 2, 3. For instance, we can choose θ
R
12 = pi/6, θ
R
13 = pi/4 and
θR23 = pi/3.
The masses of new gauge bosons Z2, ZN and new Higgs bosons H1,A are given by [19]
m2H1 = −
fw√
2
(v
u
+
u
v
)
, m2A = −
f√
2
(uw
v
+
vw
u
+
uv
w
)
, (29)
m2Z2 '
g2
18
{
(3 + t2X)w
2 + 4t2N (w
2 + 9Λ2)
−
√
[(3 + t2X)w
2 − 4t2N (w2 + 9Λ2)]2 + 16(3 + t2X)t2Nw4
}
, (30)
m2ZN '
g2
18
{
(3 + t2X)w
2 + 4t2N (w
2 + 9Λ2)
+
√
[(3 + t2X)w
2 − 4t2N (w2 + 9Λ2)]2 + 16(3 + t2X)t2Nw4
}
. (31)
The new physics scales require the following constraints w ∼ Λ ∼ −f  u, v, due to the
condition of diagonalization for the mixing mass matrices in [19]. Besides, the scales u, v satisfy
the condition u2 + v2 = 2462 GeV2.
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FIG. 1: The figures present constraints for w and u obtained from the meson mass differences ∆mK ,∆mBs
and ∆mBd by choosing f = −1000 GeV, f = −5000 GeV and f = −10000 GeV, respectively. The available
region for ∆mK is the whole frame, whereas the orange and green regions are for ∆mBs and ∆mBd .
In Fig. 1, we draw contours for the mass differences ∆mK , ∆mBs , and ∆mBd , as functions
of the new physics scale w and u with f = −1000 GeV, f = −5000 GeV and f = −10000
GeV, respectively. There is almost no differences between the three figures, meaning that ∆mK ,
∆mBs and ∆mBd do not depend on what the values of the coupling f and u, v are, hence the
contributions from the scalar fields H1,A to the meson mass differences can be ignored. This
result can be interpreted as follows. There are two contributions to the meson mass differences in
(24), ∆mK,Bs,Bd = ∆m
Z2,ZN
K,Bs,Bd
+ ∆mH1,AK,Bs,Bd , the second term depends on parameters f, u, v, thus
10
it gives insignificant contribution numerically . This statement can also be seen clearly in the Fig.2.
The available parameter spaces for ∆mK,Bs,Bd is the green region. From the allowed regimes, we
obtain a constraint for the new physics scale w > 68 TeV for all three panels. This lower bound is
more stringent and is remarkably larger than that obtained previously [19].
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FIG. 2: The figures present the dependence of ratios ∆mH1,AK,Bs,Bd/∆m
Z2,ZN
K,Bs,Bd
on the new physics scale w
with the coupling f = −1000 GeV, f = −5000 GeV and f = −10000 GeV, respectively.
B. Bs → µ+µ−
Rare B meson decays probing the FCNC b−s transition are sensitive to physics beyond the SM.
A strong bound is obtained by analysing the rare Bs → µ+µ− decay, which is mediated by both new
gauge bosons Z2, ZN and new scalars H1,A. We compare the sum of the two contributions with
measurements. The effective Hamiltonian for this decay is derived by combining the flavor-violating
interactions in the quark sector given in Eqs.(19), (21) and the flavor-conserving interactions in
the lepton sector. The interactions of two charged leptons and the neutral Higgs bosons are given
by Eq.(14). They can be written as follows
− g
2mW
u
v
l¯′aLM
lD
ab l
′
bR(H1 + iA) +H.c., (32)
11
where M lD = Diag(me,mµ,mτ ). It means that there is no neutral Higgs mediated FCNC in the
lepton sector. The interactions of Z2 and ZN with two charged leptons are written as follows
− g
2CW
f¯γµ
(
gZ2V (f)− gZ2A (f)γ5
)
fZ2µ − g
2CW
f¯γµ
(
gZNV (f)− gZNA (f)γ5
)
fZNµ. (33)
The coefficients gZ2,ZNV , g
Z2,ZN
A are given in [18].
The effective Hamiltonian for this process is
Heff = −4GF√
2
VtbV
∗
ts
∑
i=9,10,S,P
(
Ci(µ)Oi(µ) + C ′i(µ)O′i(µ)
)
, (34)
where the operators are defined by
O9 = e
2
g2
(s¯γµPLb)(l¯γ
µl), O10 = e
2
g2
(s¯γµPLb)(l¯γ
µγ5l), (35)
OS = e
2
(4pi)2
(s¯PRb)(l¯l), OP = e
2
(4pi)2
(s¯PRb)
(
l¯γ5l
)
. (36)
The operators O′9,10,S,P are obtained from O9,10,S,P by replacing PL ↔ PR. Their Wilson coeffi-
cients consist of the SM leading and tree-level new physics contributions
C9 = C
SM
9 + Θ23
m2W
cWVtbV
∗
ts
g2
e2
(
−g2
g
gZ2V (f)
m2Z2
− gN
g
gZNV (f)
m2ZN
)
,
C10 = C
SM
10 −Θ23
m2W
cWVtbV
∗
ts
g2
e2
(
−g2
g
gZ2A (f)
m2Z2
− gN
g
gZNA (f)
m2ZN
)
,
CS =
8pi2
e2
1
VtbV
∗
ts
Γd23Γ
l
αα
m2H1
, C ′S =
8pi2
e2
1
VtbV
∗
ts
(
Γd32
)∗
Γlαα
m2H1
,
CP = −8pi
2
e2
1
VtbV
∗
ts
Γd23∆
l
αα
m2A
, C ′P =
8pi2
e2
1
VtbV
∗
ts
(
Γd32
)∗
∆lαα
m2A
, (37)
where Γlαα = ∆
l
αa =
u
vmlα , C
′
9,10 = 0. The coefficient C
SM
10 is predicted by SM [35], C
SM
10 = −4.103.
From the effective theory (34), the branching ratio of the Bs → l+α l−α decay is obtained follows
Br(Bs → l+α l−α )theory =
τBs
64pi3
α2G2F f
2
Bs |VtbV ∗ts|2mBs
√
1− 4m
2
lα
m2Bs
×

(
1− 4m
2
lα
m2Bs
)∣∣∣∣∣ m2Bsmb +ms (CS − C ′S)
∣∣∣∣∣
2
+
∣∣∣∣∣2mlα (C10 − C ′10)+ m2Bsmb +ms (CP − C ′P )
∣∣∣∣∣
2
 ,(38)
where τBs is the total lifetime of the Bs meson. If including the effect of oscillations in the Bs− B¯s
system, the theoretical and experimental results are related [34]
Br(Bs → l+α l−α )exp '
1
1− ysBr(Bs → l
+
α l
−
α )theory, (39)
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where ys =
∆ΓBs
2ΓBs
and it is very small 0.061(9) [36]. In the SM, the electron mass suppresses the
decay rate, and the detection of the Bs → e+e− is a clear signal of new physics effects. Recent
measurements at the LHC [39],[40] have given
Br(Bs → µ+µ−)exp =
(
3.2+1.5−1.2
)× 10−9. (40)
The SM prediction (including the effect of Bs − B¯s oscillations) [37], [38]
Br
(
Bs → µ+µ−
)
SM
= (3.56± 0.18)× 10−9. (41)
This value is in accord with [40]. These experimental and theoretical signs of progress will lead to
new stringent constraints on physics BSM. Thus, we are going to concentrate on numerical study
of the decay Bs → µ+µ−.
For numerical study, we set all input parameters the same values as in the section III.
u=20 GeV
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FIG. 3: Left figure: The dependence of the branching ratio Br(Bs → µ+µ−) on the new physics scale w.
The black solid lines are the current experiment bounds [39, 40]. Right figure: The dependence of the ratio
Br(Bs → µ+µ−)3311/Br(Bs → µ+µ−)SM on the new physics scale w. Here both figures are plotted with
three chosen values of u.
In Fig.3, the predicted branching ratio Br(Bs → µ+µ−) is consistent with the current experiment
constraint and does not depend on the new physic scale w. It means that the new contribution from
the 3-3-1-1 model to this branching ratio has to be much smaller compared to the SM contribution.
This statement is specified in the right figure.
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IV. RADIATIVE PROCESSES
A. b→ sγ decay
The branching fraction and the photon energy spectrum of the radiative penguin b→ sγ process
were reported long ago Br(b → sγ) = (3.21 ± 0.43 ± 0.27+0.18−0.10) × 10−4 [4]. This result is in good
agreement with the SM prediction Br(b → sγ) = (3.15 ± 0.23) × 10−4 [7]. It means that the new
physics contribution to this process, if any, has to be small. Thus studying the decay b → sγ
process can give a strong constraint on NP. Our 3-3-1-1 model contains charged gauge bosons Y ±µ
which couple to (V −A) charged current, and two charged Higgs bosons H±4 , H±5 of even W -parity
that couple to the quarks. These new bosons give additional contributions to the b→ sγ amplitude
via one-loop diagrams. We will derive the limits on new physics scales of our model by studying
the b→ sγ amplitude.
H±4 only couples to the exotic quarks and does not give to FCNC. H
±
5 couples to the SM quarks
and it gives rise to FCNC through the charged scalar current interaction. It’s Lagrangian is
LH
±
5
Yukawa =
g√
2mW
{
d¯′LXMuu′R + d¯′RMdYu′L
}
H−5 +H.c., (42)
where Y = tβV †CKM − 2s2β T and X = − 1tβ V
†
CKM +
2
t2β
T . The T is defined as Tij = (V †dL)i3(VuL)3j ,
s2β = sin 2β, t2β = tan 2β.
In the charged gauge boson sector, there are the SM gauge boson W±µ and a new gauge boson
Y ±µ . Their masses are
m2W =
g2
4
(u2 + v2), m2Y =
g2
4
(v2 + w2). (43)
The charged vector current interactions which is relevant to the process b→ sγ are
LquarkW,Y =
g
2
√
2
u¯′γµ(1− γ5)W+µ VCKMd′ +H.c.
+
g
2
√
2
{
d¯′j(V
∗
dL
)j3γ
µ(1− γ5)Y −µ U + D¯αγµ(1− γ5)Y −µ (VuL)αju′j
}
+H.c.. (44)
The one-loop diagrams contributing to b→ sγ are shown in Fig.4. We evaluate these graphs with
the approximation ms = 0, q
2 = 0, p2s = p
2
b = 0 and use the the ’t Hooft-Feynman gauge. Our
results are consistent with the results given in [27]. The b → sγ amplitude from the new physics
scale may be written in term of tree-level matrix element of the effective Lagrangian
Lb→sγeff =
GF
2pi
√
2pi
VtbV
∗
tsmb
√
α {Aγ s¯LσµνbR}Fµν
+
GF
2pi
√
2pi
VtbV
∗
tsmb
√
αs {Ag s¯LTaσµνbR}Gaµν +H.c., (45)
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where the contributions to Aγ and Ag are given as
Aγ = A
W
γL +
m2W
m2Y
AYγL +A
H5
γL ,
AgL = A
W
gL +
m2W
m2Y
AYgL +A
H5
gL ,
AWγ =
m2t
m2W
fγ
(
m2t
m2W
)
, AYγ =
m2U
m2Y
fγ
(
m2U
m2Y
)
,
AH5γ =
m2t
m2H5
[
t2βfγ
(
m2t
m2H5
)
+ f ′γ
(
m2t
m2H5
)]
,
AWg =
m2t
m2W
fg
(
m2t
m2W
)
, AYg =
m2U
m2Y
fg
(
m2U
m2Y
)
,
AH5g =
m2t
m2H5
[
t2βfg
(
m2t
m2H5
)
+ f ′g
(
m2t
m2H5
)]
, (46)
where
fγ(x) =
(7− 5x− 8x2)
24(x− 1)3 +
x(3x− 2)
4(x− 1)4 lnx,
f ′γ(x) =
(3− 5x)
12(x− 1)2 +
(3x− 2)
6(x− 1)3 lnx,
fg(x) =
2 + 5x− x2
8(x− 1)3 −
3x
4(x− 1)4 lnx,
f ′g(x) =
3− x
4(x− 1)2 +
1
2(x− 1)3 lnx. (47)
Here AWγ and A
W
g are the contributions from the SM and first given in [25], A
Y
γ/g and A
H5
γ/g are
new contributions of new charged gauge boson Y ±µ and new charged Higgs boson H
±
5 , respectively.
These coefficients are inversely proportional to the square of the mass of new particles. The
contributions from the diagrams with the charged Higgs particle in the loop are also proportional
to the value of t2β.
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FIG. 4: All Feynman diagrams contribute to the form factors Aγ . The diagrams (a,b,c,d) are new charged
Higgs boson contribution, whereas the remaining diagrams are gauge boson contributions with G = W,Y
and F = t, U , correspondingly. The respective Feynman diagrams contributing to form factors Ag are
obtained by adding more one-loop gluon. These diagrams are in the ’t Hooft-Feynman gauge.
QCD corrections to b → sγ are important and they can be easily taken into account in the
leading order. Due to the asymptotic freedom of the strong interactions, the effects of new scales on
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the QCD corrections are ignored. Consequently, the computation of strong interaction corrections
in the considered model is similar to that of the SM [29, 30]. If we include the QCD corrections,
the effective Wilson coefficients Aeff are written in terms of Aγ , Ag as [28]:
Aeff = η
16/23Aγ +
8
3
(
η14/23 − η16/23
)
Ag + C, (48)
where η = αs(mZ)/αs(mb) ' 0.548, C represents the leading logarithmic QCD corrections in the
SM [31],[32],[32] and is given by
C =
8∑
i=1
hiη
ai , (49)
with
hi = (2.3,−1.0878,−0.428571,−0.0714286,−0.6494,−0.0380,−0.0186,−0.0057),
ai = (0.608696, 0.695652, 0.26087,−0.521739, 0.4086,−0.4230,−0.8994, 0.1456). (50)
The branching ratio Br(b→ sγ) can be expressed in term of the semileptonic b−decay branching
ratio as follows [31],[32],[32].
Br(b→ sγ) = 6α
pif
(
mc
mb
) [
1− 23piαs(mb)g
(
mc
mb
)] |V ∗tsVtb|2|Vcb|2 |Aeff|2Br(b→ ceν˜e), (51)
where f(x) is the phase-space factor, f(x) = 1− 8x2 + 8x6 − x8 − 24x4 lnx, and g(mc/mb) = 2.41
is the QCD correction factor. Vtb.Vts, Vcb are matrix elements of CKM matrix and have been
measured by experiments [11]. At the b-quark mass scale αs(mb) = 0.23, α(mb) =
1
137 , and the
branching ratio Br(b→ ceν˜e) = 0.107 [11]. Other parameters are collected from [11] as follows
Vts = 0.0404, Vbc = 0.0412, Vtb = 0.999146, mW = 80.385 GeV,
mt = 173 GeV, mb = 4.8 GeV, mc = 1.275 GeV. (52)
After inputting all the above-mentioned parameters into the expression in Eq.(51), we can easily
see that the branching ratio Br(b→ sγ) behaves as a function of the mass of new particles including
Y ±, H±5 and U . All of their masses are free parameters. However, in the approximation u, v 
−f ∼ w ∼ Λ, we can rewrite the mass of new particles as: m2Y ' g
2w2
4 ,m
2
H5
' w2√
2
,mU = −hUw√2 .
Because g =
√
4piα/s2W ' 0.630142, mY ' 0.315071w < mH5 ' 0.85w. The Yukawa coupling hU
we still completely unknown, so mU is arbitrary at the TeV energy scale, which can be be higher
or smaller than two other masses mH5 ,mY . To avoid the singularity, which appears in the factor
AYγ,g, we need to give a condition mU 6= mY . Because of the above facts, we can investigate the
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mass hierarchy of new particles according to three scenarios: mH5 > mY > mU , mH5 > mU > mY ,
and mU > mH5 > mY .
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FIG. 5: The dependence of the branching ratio Br(b → sγ) on the new physics scale, w, with choosing
different values of tβ . The graphs from left to right correspond to the mass hierarchy: mH5 > mY > mU ,
mH5 > mU > mY , and mU > mH5 > mY , respectively. The black solid line indicates the upper limit from
the CLEO experiment [4]
.
The Figs. 5 play the dependence of the branching ratio Br(b→ sγ) on the new physics scale for
choosing a different value of the tβ in three scenarios of the mass hierarchy as mentioned. We see
that the branching ratio strongly depends on the values of the tβ, especially in the region where
the new physics scale is smaller than O(10) TeV. The branching ratio Br(b→ sγ) greatly varies if
changing the value of the tβ. Note that the contributions depend on the parameter tβ i.e A
H5 ∼
t2βf(m
2
t /m
2
H5
) that come from the diagrams at which the charged Higgs mediated in the loop. These
things lead to the conclusion that the charged scalar current plays an important role in the radiative
decay process b→ sγ. On the other hand, the results shown in Figs. 5 are almost independent of
mass hierarchy. This proves that the diagrams coming from the interaction of the new gauge bosons
Y ±µ give a negligible contribution to the branching ratio Br(b→ sγ). All contributions coming from
the new interactions that are proportional to inverse squared masses Br(b → sγ) ' 1
M2Y,H5
' 1
w2
.
Thus, Br(b → sγ) is greatly reduced with energy, when the energy reaches a sufficiently large
value, the new contribution is almost ignored and the remaining contribution is from the standard
model. From Figs. 5, we can see that the upper limit on the branching ratio from the CLEO
experiment [4] can translate into the lower bound on the new physics scale. The lower limit of the
new physics scale depends on the value of the tβ, specifically, that limit increases as the value of
the tβ increases. The constraint for the w is w ≥ 2.5 TeV for tβ = 10, w ≥ 5 TeV for tβ = 20.
These limits are weaker than the ones mentioned above.
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B. Charged lepton flavor violation
The charged lepton flavor violation (CLFV) processes are strongly suppressed in the SM with
right-handed neutrinos, Br(li → ljγ) ' 10−55. Meanwhile, the experimental limits are given as [11]
Br(µ− → e−γ) < 4.2× 10−13,
Br(τ− → e−γ) < 3.3× 10−8,
Br(τ− → µ−γ) < 4.4× 10−8. (53)
It means that the CLFV processes open a large window for studying of new physics signals beyond
the SM. Note that in the SM with right-handed neutrino, the decay process, li → ljγ, comes from
one-loop level with W± mediated in the loop. It gives the suppressed li → ljγ decay amplitude
because it depends on the mixing matrix elements of the neutrinos. The 3-3-1-1 predicts the
existence of the additional charged currents associated with the new charged particles, Y ±, H±4,5.
Therefore, the model predicts additional one-loop diagrams that may give a large contribution and
even may reach the upper bound given in (53). To explore new contributions, let us write down
the relevant Lagrangian. After changing to the physical states into the scalar charged currents of
the leptons given Eq.(14), we obtain
LleptonScalar ⊃
heabu√
u2 + v2
(
ν¯ ′kL(U
ν∗
L )ka + (ν
′
kR)
cV ν∗ka
)
(U lR)bje
′
jRH
+
5 +
heabω√
v2 + ω2
(N ′kR)c(U
N∗
R )ka(U
l
R)bje
′
jRH
+
4
+
hνabv√
u2 + v2
e¯′kL(U
l
L)
∗
ka
(
(V νT )bk(ν
′
kL)
c + (UνR)bkν
′
kR
)
H−5
+
hνabω√
u2 + ω2
(N ′kR)c(U
N∗
R )ka
(
(V νT )bk(ν
′
kL)
c + (UνR)bkν
′
kR
)
H ′o +H.c.
Note that he, hν can be converted to the diagonal mass matrix of the charged lepton and neutrino.
The charged current associated to the new gauge boson is witten in the physical states as follows:
LleptonW,Y = −
g√
2
{
νaLγ
µeaLW
+
µ + eaLγ
µN caRY
−
µ
}
+H.c.
= − g√
2
{(
ν¯ ′kL(U
ν∗
L )ka + (ν
′
kR)
cV ν∗ka
)
γµ(U lL)aje
′
jLW
+
µ + e¯
′
kL(U
l
L)
∗
kaγ
µ(UNR )
∗
aj(N
′
jR)
cY −µ
}
+H.c..
(54)
The effective Lagrangian relevant for the process µ→ eγ can be written as
Lµ→eγeff = −4
eGF√
2
mµ (ARe¯σµνPRµ+ALe¯σµνPLµ)F
µν +H.c., (55)
where the factors AL, AR are obtained by calculating all the one-loop diagrams. We calculate the
radiative contribution in the ’t Hooft-Feynman gauge and we keep the external lepton masses.
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Our results is consistent to the general result given in ([27]). The factors AL,R are divided into
individual contributions as shown below
AL,R = A
W
L,R +A
Y
L,R +A
H5
L,R +A
H4
L,R, (56)
where
AWR = −
eg2
32pi2m2W
3∑
j=1
(Uν∗L )µj(U
ν
L)ejf
(
m2νj
m2W
)
,
AWL = −
eg2me
32pi2m2Wmµ
3∑
j=1
(Uν∗L )µj(U
ν
L)ejf
(
m2νj
m2W
)
,
AYR = −
eg2
32pi2m2Y
3∑
j=1
(UN∗R )µj(U
N
R )ejf
(
m2Nj
m2Y
)
,
AYL = −
eg2me
32pi2m2Ymµ
3∑
j=1
(UN∗R )µj(U
N
R )ejf
(
m2Nj
m2Y
)
,
AH5L = −
eg2memµ
32pi2m2Wm
2
H5
t2β
3∑
j=1
(Uν∗L )µj(U
ν
L)ejg
(
m2νj
m2H5
)
− eg
2mev
2
64pi2m2Wm
2
H5
mµ
3∑
j,k=1
(hν∗)µj(hν)ej(UνR)jk(U
ν∗
R )jkg
(
M2νj
m2H5
)
− eg
2v2me
64pi2m2Wm
2
H5
mµ
3∑
j,k=1
(hν∗)µj(hν)ej(V νT )jk(V νT∗)jkg
(
M2νj
m2H5
)
,
AH5R = −
eg2m2e
32pi2m2Wm
2
H5
t2β
3∑
j=1
(Uν∗L )µj(U
ν
L)ejg
(
m2νj
m2H5
)
− eg
2v2
64pi2m2Wm
2
H5
3∑
j,k=1
(hν∗)µj(hν)ej(UνR)jk(U
ν∗
R )jkg
(
M2νj
m2H5
)
− eg
2v2
64pi2m2Wm
2
H5
3∑
j,k=1
(hν∗)µj(hν)ej(V νT )jk(V νT∗)jkg
(
M2νj
m2H5
)
,
AH4L = −
eg2memµ
32pi2m2Ym
2
H4
t2β′
3∑
j=1
(UN∗R )µj(U
N
R )ejg
(
m2Nj
m2H4
)
,
AH4R = −
eg2m2e
32pi2m2Ym
2
H4
t2β′
3∑
j=1
(UN∗R )µj(U
N
R )ejg
(
m2Nj
m2H4
)
, (57)
The functions f(x) and g(x) are defined by
f(x) =
10− 43x+ 79x2 − 49x3 + 4x4 + 18x3 log x
12(x− 1)4 ,
g(x) =
1− 6x+ 3x2 + 2x3 − 6x2 log x
12(x− 1)4 . (58)
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The notations mνj ,Mνj ,me,mµ are understood as the masses of light, heavy neutrinos, electron
and muon, respectively. From the effective Lagrangian (55), we can obtain the branching ratio
Br(µ→ eγ) as follows
Br(µ→ eγ) = 12pi
2
G2F
(|AL|2 + |AR|2)Br(µ→ eν˜eνµ), (59)
where GF =
g2
4
√
2m2W
is the Fermi coupling constant, Br(µ→ eν˜eνµ) = 100% as given in [11].
Before considering numerical calculations of the branching ratio Br(µ → eγ), let us give some
assumptions. First, we assume that the Yukawa couplings heab is a diagonal matrix in the flavor
basis. Thus the matrix UνL is identified to the PMNS matrix UPMNS, which has been measured
experimentally. The mixing matrices UνR, V
ν and UNL,R are new and not constrained by experimental
results. These matrices can be generally parameterized by using arbitrary angles and a Dirac CP
phase as done in the neutrino mass matrix. For simplify, we assume that the Yukawa coupling of
the right-handed neutrinos h′ν is a diagonal matrix. This means that the Majorana neutrino mass
matrix has a form as MνR = Diag(Mν1 ,Mν2 ,Mν3) and thus the right-handed neutrino mixing mass
matrix UνR is an unit matrix. The mixing matrix V
ν is also assumed in diagonal form. The mixing
matrix of the new leptons is parameterized by the angles θNij and a Dirac CP phase δ
N as chosen
for active neutrino mixing matrix.
With the above option, the Yukawa couplings he, h′ν can be translated into the charged lepton
and sterile neutrino masses as follows
he = −
√
2
u
Diag (me,mµ,mτ ) , h
′ν = − 1√
2Λ
Diag (Mν1 ,Mν2 ,Mν3) . (60)
The Yukawa coupling hν , which determine the neutrino Dirac mass, is rewritten by using Casas-
Ibarra parametrization as given in [24]
hν =
√
2
u

√
Mν1 0 0
0
√
Mν2 0
0 0
√
Mν3
R

√
mν1 0 0
0
√
mν2 0
0 0
√
mν3
Uν†L (61)
where R is an orthogonal matrix with arbitrary angles as following
R =

cˆ2cˆ3 −cˆ1sˆ3 − sˆ1sˆ2cˆ3 sˆ1sˆ3 − cˆ1sˆ2cˆ3
cˆ2sˆ3 cˆ1cˆ3 − sˆ1sˆ2sˆ3 −sˆ1cˆ3 − cˆ1sˆ2sˆ3
sˆ2 sˆ1cˆ2 sˆ1cˆ2
 (62)
with sˆi = sin θˆi, cˆi = cos θˆi, i = 1, 2, 3 and 0 < θˆij < pi/2.
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Next, we estimate the magnitudes of relevant masses and the VEVs. As done in the previous
part, we work on the limits u, v  w ∼ Λ, u2 + v2 = 2462 GeV2. Moreover, in the section IV A,
the mixing angle tβ is required tβ = v/u ≥ 10 in order to the new physics scale in TeV scale,
this conditions translates to the following upper bound u < 24.5 GeV. To consistent to an unitary
bound [26], we need the constraint: mN < 16mY . The masses of new Higgs H4,5 and new gauge
boson Y can be approximately taken as mH ' 0.85w,mY ' 0.315071w, similarly in the section
IV A. As the study of dark matter in [19], the new fermion N should have mass in the range TeV
to be sure that the relic density is in agreement with experiment. Moreover, the mixing angle tβ′
can be expressed via the energy scales u, v as follow tβ′ =
√
2462 − u2/w. Also known parameters
are taken from the particle data group that is given in [11],
mW = 80.385 GeV, me = 0.5109989461 MeV, mµ = 105.6583745 MeV,
sin2(θ12) = 0.307, sin
2(θ23) = 0.51, sin
2(θ13) = 0.021, α =
1
137
,
∆m212 = 7.53× 10−5 eV2, ∆m223 = 2.45× 10−3 eV2, (63)
where θij are the mixing angle of neutrino mixing matrix.
Thus the branching ratio Br(µ → eγ) depends on the unspecified parameters which include
six mixing angles (three angles θˆij , three angles θ
N
ij ), one CP phase δ
N , the masses of the new
particles mN ,Mνi and the energy scale u,w. In the following, we are going to present the results
of numerical calculations for the case where unknown parameters are chosen as
θN12 = pi/6, θ
N
13 = pi/3, θ
N
23 = pi/4, δ
N = 0,
θˆ1 = pi/3, θˆ2 = pi/4, θˆ3 = pi/6,
mν1 = 0.01 eV, Mν1 = 10
9 GeV, Mν2 = Mν3 = 10
3Mν1 ,
mN1 = 2000 GeV, mN2 = 2200 GeV, mN3 = 2400 GeV. (64)
In the Fig. 6, we show the comparison between the contributions from SM, new gauge boson Y ,
new Higgs boson H4, H5 and both new Higgs and new gauge boson to the branching ratio Br(µ→
eγ). The contribution of the new gauge boson Y is dominated, since the terms AYL,R are larger than
AH4.H5L,R . Comparing with the constraint from the experiments [11], Br(µ → eγ)exp < 4.2 × 10−13,
we obtain lower limit w > 7.3 TeV. This result is quite in agreement with the constraint derived
by the decay b→ sγ in the previous section.
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FIG. 6: The figure presents the dependence of the branching ratio Br(µ→ eγ) on the new physics scale w by
SM, new gauge Y , new Higgs H4,5 and both new Higgs H4,5 with new gauge Y contributions, respectively.
The black solid line indicates the constraint from the experiment [11]. Here u = 10 GeV.
Next, we study the dependence of total branching ratio Br(µ → eγ)total from both SM and
3-3-1-1 contributions on the new physics scale w in the Fig. 7 with different values u = 5 GeV,
u = 10 GeV and u = 20 GeV, correspondingly. As seen from the figure, the branching ratio is
independent on u, since the primary contribution to the branching ratio comes from the terms
AYL,R, which do not depend on u.
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FIG. 7: The figure presents the comparison of the dependence of the total branching ratio Br(µ→ eγ)total
on the new physics scale w with u = 5 GeV, u = 10 GeV and u = 20 GeV, respectively. The black solid line
indicates the constraint from the experiment [11].
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V. CONCLUSIONS
In the 3-3-1-1 model, the FCNC is produced at the tree-level by neutral scalar fields (of CP-even
and CP-odd fields) and the new neutral gauge bosons due to non-universal assignment of quark
families. These interactions are strongly constrained by experiments on the meson oscillations.
We have computed the mass difference for K0 − K¯0, B0d − B¯0d , B0s − B¯0s . The main contribution
to the meson oscillations come from the new gauge bosons mediation. Because of the W -parity
conservation, mixing of the ordinary quarks with the exotic quarks is prohibited. The new physics
scale is strongly constrained to be in accord with the mixing mass parameter. This is possible if
the new gauge boson mass is very large. We have obtained Mnew > 68 TeV, much better bound
than the previously known one [19]. It is consistent with the result of [43].
We also studied the tree-level FCNC effects on the branching ratio Bs → µ+µ− through the
B0s − B¯0s vertex. In the parameter region consistent with the meson mass difference, the tree-level
FCNC give only a small contribution to this branching ratio, consistent with the measurement
[39],[40].
In the flavor-changing decay b→ sγ, a large contribution arises from one-loop diagrams with the
charged Higgs boson mediation. In spite of the enhanced contributions due to the factor tβ = v/u,
the predicted decay branching ratio Br(b→ sγ) is consistent with the measurement [4], if Mnew is
chosen as mention above.
In contrast to the b → sγ, the branching ratio of lepton flavor-violating decay µ → eγ gains
a large contribution from the loop diagrams with new gauge bosons exchange. Due to the large
mixing of new neutral leptons, the branching ratio Br(µ → eγ) can reach up to the experimental
upper bound.
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